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(54) A control architecture using embedded signal information 



(57) A network element with a centralized switch 
fabric is able to support multiple switching functions 
while meeting established performance requirements 
by using a control system based on an embedded signal 
status protocol. Generally, each input signal within a 
transmission path is monitored to derive signal status 
information, which is then individually encoded and em- 
bedded within the input signal. The embedded signal 
status can be decoded and provided as input to control 
logic for processing at any point within the transmission 



path, as necessary. In the case of a centralized switch 
fabric, the control logic resolves an address of a single 
input signal based on the embedded signal status and 
provides this resolved address to the switch fabric so 
that the appropriate input signal can be selected. In the 
present invention, the control logic may be configured 
to support any given application, e.g., "path-in-line" pro- 
tection switching, whereby each configuration of control 
logic constitutes an application control set that supports 
the performance requirements of that given application. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to digital trans- 
mission networks, and, more particularly, to embedded 
control of routing structures, such as switch fabrics used 
in network elements. 

BACKGROUND OF THE INVENTION 

[0002] Digital transmission networks, such as those 
based on Synchronous Optical Network/Synchronous 
Digital Hierarchy (SONET/SDH) standards, are used 
extensively for transporting broadband communications 
signals. Network elements, such as multiplexers, digital 
cross-connect systems, and the like, are used in these 
transmission networks to support a number of different 
applications, including some that involve multiple 
switching or routing functions. It is lo be understood that 
the terms "switching", "routing", "selecting" and "con- 
necting" are used herein interchangeably to refer to the 
handling of signals within a transmission path. One ex- 
ample of an application with multiple switching functions 
is "path-in-lino" protection switching, also referred to as 
"virtual rings" or "ring-on-ring", which involves line 
switching over bi-directional line switched rings (BLSR) 
and path switching over unidirectional path switched 
rings (UPSR). To support these types of applications, 
some network elements include a routing structure, 
such as a switch fabric, to provide the necessary con- 
nections for switching signals through the transmission 
network for a given network application. A centralized 
switch fabric, i.e., a single, homogeneous switch fabric, 
is one example of a type of switch fabric that is com- 
monly used. 

[0003] Generally, the problems with prior art control 
arrangements for centralized switch fabrics relate to the 
complex coupling of control functions. Using digital 
transmission networks as an example, fault detection 
control for incoming input signals is typically based on 
signal status derived from signal monitoring in the port 
interface of a network element. In order to make appro- 
priate selection decisions within the switch fabric based 
on signal status, the fault detection control functions as- 
sociated with each of the monitored input signals must 
be coupled to the switch fabric control function. Some 
of the more notable problems with this configuration are 
inefficient and time consuming exchanges between the 
various control functions and switching delays as a re- 
sult of the extensive coordination required between con- 
trol functions. These problems are compounded wtien 
a switch fabric supports hundreds or thousands of input 
and output lines in a network element. In particular, the 
switch fabric control function must be coupled to the fault 
detection controls for each individual input signal, in- 
cluding signals from any previous selection points. 
Therefore, status of signals must be traced back to their 



respective input and resolved before another selection 
is made. This complex resolution process results in long 
analysis delays at each selection point, thereby de- 
creasing the performance of the network element. 

5 [0004] An alarm indication signal is used in some 
types of networks, e.g., SONET, for alerting downstream 
equipment that an upstream defect has been detected. 
However, an alarm indication signal is a separate main- 
tenance signal and is not used to retain signal status, e. 

fo g., quality information, about a particular input signal. 
As such, an alarm indication signal is not used to prop- 
agate signal status through the network for individual in- 
put signals, and, as a result, signal status for each input 
signal must still be "rediscovered" at each subsequent 

^5 switching point using some type of signal monitoring 
function. In addition, an alarm indication signal is not 
generated for all of the failure indicators used within 
SONET and is not structured to accommodate non- 
SONET signal status information. Given these llmita- 

^0 lions, a control arrangement based on an alarm indica- 
tion signal-type scheme does not provide an effective 
means for resolving the status of signals transported 
through switching points. 

2S SUMMARY OF THE INVENTION 

[0005] A network element with a centralized switch 
fabric is able to support multiple switching functions 
while meeting established performance requirements 

30 by using a simple control system based on an embed- 
ded signal status protocol. Generally, each input signal 
within a transmission path is monitored to derive signal 
status information, which is then individually encoded 
and embedded within the input signal. The embedded 

35 signal status is decoded and provided as input to control 
logic for processing at any point within the transmission 
path, as necessary. In the case of a centralized switch 
fabric, the control logic resolves an address of a single 
input signal based on the embedded signal status and 

40 provides this resolved address to the switch fabric so 
that the appropriate input signal can be selected. In the 
present invention, the control logic may be configured 
to support any given application, e.g., "path -in- line" pro- 
tection switching, whereby each configuration of control 
logic constitutes an application control set that supports 
the pertormance requirements of a particular applica- 
tion. 

[0006] By encoding signal status for each of the input 
signals and applying this status to appropriate control 

so logic within the application control set, control of the cen- 
tralized switch fabric can be decoupled from other con- 
trol functions within the network element, fwloreover, be- 
cause signal status propagates with each of the input 
signals, the signal status is locally available for each se- 

55 lection decision. As a result, no analysis is required to 
trace and resolve signal status through previous switch 
points. Control of the signal monitoring functions also 
becomes less complex in the present invention because 
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the signal status does not have to be rediscovered at all 
switch points within the network element. In particular, 
the embedded signal status propagates through the var- 
ious switch points after being determined by signal mon- 
itoring at the interface boundary and is directly extract- 
able at any point within the transmission path. 
[0007] The control system of the present invention al- 
so provides a wide range of status control whereby all 
presently known quality levels and failure conditions for 
transport signals can be mapped into in-line codes for 
encoding with the data stream of the input signals. Im- 
portantly, the protocol can also be expanded to accom- 
modate any number of other failure and quality codes 
beyond those commonly used in the present systems. 
As such, the present invention provides a much wider 
range of status control than that provided in present sys- 
tems, such as those using an AIS scheme. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] A more complete understanding of the present 
invention may be obtained by reading the following de- 
tailed description of the invention in conjunction with the 
appended drawing, with like elements referenced with 
like references, in which: 

FIG. 1 A shows in simplified form a typical prior art 
system for providing control to a switch fabric in a 
network element; 

FIG. IB shows a simplified block diagram of the 
control function shown in FIG. 1A; 
FIG. 2 is a simplified block diagram of a decoupled 
control arrangement for a switch fabric according to 
the principles of the present invention; 
FIG. 3 shows a simplified flow diagram illustrating 
the exchange of signals between the control func- 
tion and the switch fabric in the present invention; 
FIG. 4A shows a simplified functional block diagram 
of the embedded signal status protocol implemen- 
tation in the present invention; 
FIG! 4B shows an expanded view of a practical im- 
plementation of the embedded signal status proto- 
col shown in FIG. 4A; and 

FIG. 5 depicts in simplified form one implementation 
of the multi-stage fabric control arrangement em- 
bodying the principles of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] It is well known that protection switching 
schemes are typically used in SONET/SDH networks so 
that communications can be maintained even if there 
are defects or failures on a given transmission path. 
Some examples of the types of network protection 
switching schemes used in SONET/SDH include: bi-di- 
rectional line switched ring (BLSR). unidirectional path 
switched ring (UPSR), dual ring interworking (DR1 ), and 
1 + 1 facility protection to name a few. Although the 



4 

present invention is particularly well-suited for a "path- 
in-line" protection switching application in a SONET/ 
SDH-based transmission network, and shall be de- 
scribed in the context of this application, those skilled in 
s the art will understand from the teachings herein that the 
present invention can also be used in many other em- 
bedded control applications. 

[0010] In the context of the following detailed descrip- 
tion, the term "routing structure" is intended to encom- 

TO pass all the various components known in the art that 
are used for routing, switching, or connecting signals. 
One example of a routing structure is a switch fabric that 
is used in a network element for a digital transmission 
system. However, any type of signal interface that 
makes routing selections or decisions would be a suit- 
able equivalent to the switch fabric. Therefore, the ex- 
amples used throughout the detailed description are il- 
lustrative only and many other suitable routing struc- 
tures may be used in conjunction with the present in- 

20 venlion. 

[0011] Network elements (NEs), such as digital cross- 
connect systems (DCS), typically include a number of 
port interfaces, one or more switch functions, and one 
or more control functions to implement a single switch- 

2S ing application. As shown in FIG. 1 A, a prior art network 
element 100 comprises port interfaces^.j^ 101 for receiv- 
ing signals from the network, a switch fabric 102, port 
interface 1 03 for passing signals from switch fabric 1 02, 
and a complex control element 1 04 for controlling all port 

30 and switch functions within the network element. Port 
interfaces-, .X 101 each typically includes a signal moni- 
toring element 105 for monitoring the signal status of 
incoming signals. As previously described, prior art sys- 
tems having this architecture have numerous disadvan- 

35 tages relating to the coupled control within complex con- 
trol element 104 as well as the inability to propagate sig- 
nal status information for incoming signals. 
[0012] FIG. 1 B shows an expanded view of complex 
control element 104 from FIG. 1 A, which could be used 

40 in a typical protection switching scheme. Complex con- 
trol element 104 includes fabric control 110 as well as 
non-fabric controls such as fault detection controls^ 
111 , wherein a fault detection control 111 is provided for 
each input signal 1 to x. In operation, a protection switch- 
es ing decision would not be made by fabric control 110 
until signal status is resolved for each input signal via 
fault detection controls^.j^ 111. Fault detection 
controls-, 111 are typically further coupled to the signal 
monitoring element 105 within port interfaces-,.^ 101. 

50 Therefore, complex control element 1 04 is fully coupled 
with respect to port interfaces^.^ 101 and switch fabric 
102 of network element 100. As previously described, 
prior art systems having this architecture have numer- 
ous disadvantages in terms of the extensive coordina- 

55 tion required between the various control functions and 
the associated delays in selection decisions. In sum, 
present systems do not provide a performance-opti- 
mized control architecture that supports multiple switch- 
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ing and cross-connection functions for protection 
switching arrangements using a centrali7ed switch fab- 
ric. 

[001 3] The present invention fills this need and others 
by incorporating an embedded signal status protocol in 
a control system for a centralized switch fabric. The em- 
bedded signal status protocol reduces the complexity of 
the control arrangement because multiple control func- 
tions do not have to be closely coupled to facilitate se- 
lection decisions. Generally, each input signal within a 
transmission path is monitored to derive signal status 
information, which is then individually encoded and em- 
bedded within the input signal. The embedded signal 
status is decoded and provided as input to control logic 
for processing at any point within the transmission path, 
as necessary. The control logic resolves an address for 
the single input signal that is to be selected from among 
all input signals based on the embedded signal status. 
In the case of a centralized switch fabric, the address 
resolved by Ihe conlrol logic would be used by the switch 
fabric to select the appropriate input signal correspond- 
ing to the resolved address. In the present invention, the 
control logic is configurable to support any given appli- 
cation, so that each configuration of control logic con- 
stitutes an application control set that supports the per- 
formance requirements of a particular application. 
[0014] FIG. 2 shows one illustrative embodiment of 
the present invention in the context of a network element 
used in digital transmission applications. As shown, net- 
work element 200 includes port interfaces^ .^^ 201 for re- 
ceiving signals from the network, a centralized switch 
fabric 202 implemented as the switch function, a port 
interface 203 for passing signals from switch fabric 202, 
and at least one decoupled control element 204 for con- 
trolling switch fabric 202. Port interfaces^.j^ 201 can in- 
clude signal monitoring/encoding elements 205 for 
monitoring the incoming signals and encoding the status 
of the incoming signals. Port interfaces-, 201 pass the 
signals along with the encoded status to switch fabric 
202. Port interfaces 201 and 203 are therefore used to 
provide interface functions between switch fabric 202 
and the various input and output signals. As shown, con- 
trol element 204 is decoupled from port interfaces^.^ 201 
and 203 unlike the prior art arrangements. In the present 
invention, control element 204 is adapted to receive sig- 
nal status information for each of the input signals and 
further adapted to provide a control input to switch fabric 
202 to effect a selection decision. As will be described 
in further detail, the down arrow into control element 204 
represents the signal status information, e.g., the quality 
information for incoming signals, and the up arrow from 
control element 204 represents the control input for the 
selection decision. 

[001 5] Switch fabric 202 is controlled locally in that on- 
ly signal status information that is kx:al to a particular 
selection function within fabric 202 is used to make the 
appropriate selection decision. This localized control is 
achieved in the present invention by using an embedded 
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signal status, whereby signal status information is en- 
coded along with the signal data for each of the inputs 
to switch fabric 202. Consequently signal status infor- 
mation propagates through the network element along 
5 with the signal data and. as a result, a selection decision 
is made without having to trace back and resolve signal 
status for previously selected input signals. 
[0016] FIG. 3 shows an expanded view of the func- 
tional signal flow between control element 204 and 

10 switch fabric 202. To pronnote clarity of presentation and 
understanding, FIG. 3 shows a single routing compo- 
nent 210 (e.g., selector 210) in switch fabric 202. How- 
ever, it should be noted that many types of routing struc- 
tures having complex hardware and/or software imple- 

fs mentations are contemplated for realizing switch fabric 
202. Examples could include an array of hardware se- 
lectors, link lists, as well as other implementations 
known to those skilled in the art. Referring again to FIG. 
3, a status decoder (SD) 431 is provided at each input 

20 lo selector 210 for locating the encoded status informa- 
tion carried within the respective input signal. As will be 
described in more detail, status decoder 431 decodes 
the encoded status information and passes the decoded 
status information on to control element 204. It should 

25 be noted that the encoded status of each input signal 
also propagates along with the input signal to selector 
210. Control element 204 uses appropriate control logic 
to generate a control input signal to selector 210. The 
control input signal, shown by the up arrow from control 

30 element 204, includes the address of the particular input 
signal to be selected by selector 21 0 in switch fabric 202. 
In response to the control input signal, selector 210 
switches out the appropriate output signal from fabric 
202. 

35 [0017] To provide the control input signal to switch 
fabric 202, control element 204 comprises control logic 
for resolving an address of a particular input signal 
based on the embedded signal status for each of the 
input signals. Control element 204 may include multiple 

40 stages of selectors and associated domain control ele- 
ments selectively configured to resolve an address of a 
single input signal based on performance criteria for a 
particular application, such as "path-in-line" protection 
switching. U.S. patent application Serial No. 08/942096, 

45 entitled "A Control Architecture for a Homogeneous 
Routing Structure- (Bordogna 4-7-8-2-3), which is incor- 
porated herein by reference, describes one approach 
for implementing conlrol element 204. 
[0018] As will be described below, the embedded sig- 

50 nal status information associated with each of the input 
signals is not removed during any of the control or 
switching operations, and as a result, signal status is 
preserved through the system. As compared with the 
prior art conlrol arrangements, the embedded signal 

55 status protocol of the present invention eliminates the 
need to interface control element 204 with any type of 
fault detection control in the port interface. Thus, control 
of the switch fabric can be fully decoupled from other 
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control functions. 

[001 9] FIGS 4A ?)nd 4B provide a more detailed illus- 
tration of the embedded signal status protocol of the 
present invention. FIG. 4A is a simplified flow diagram 
showing how the signal status is embedded within the 
input signal. In general, an input signal is provided to 
both a signal monitoring element 410 and to a status 
encoding element 420 within signal monitoring/encod- 
ing element 205. Based on predetermined failure con- 
ditions or other performance criteria, signal monitoring 
element 410 outputs a signal status to status encoding 
element 420. Status encoding element 420 embeds the 
signal status information provided by signal monitoring 
element 410 and outputs the data from the input signal 
along with its embedded signal status information. 
Those skilled in the art will recognize that signal moni- 
toring element 410 and status encoding element 420 
can be implemented using techniques well known in the 
art. 

[0020] Referring now to FIG. 4B, there is shown a 
more detailed illustration of the use of the embedded 
signal status protocol in the present invention, f^ore 
specifically, FIG. 4B shows a signal interface portion 400 
and a signal switch/selector portion 401. These blocks 
could be co-locatcd in the same chassis or could be lo- 
cated in separate chassis. As compared with the em- 
bodiment shown in FIG. 2, signal interface portion 400 
would include some of the functions of port interfaces 
201 and signal switch/selector portion 401 would in- 
clude some of the functions of switch fabric 202 and con- 
trol element 204. Interface portion 400 is shown to re- 
ceive m channels of n input signals, e.g.. base-rate sig- 
nals (BRS) 402. labeled as BRSi.i to BRS„^ where 
BRSn m represents BRS n of channel m. As is well 
known, a base-rate signal is a signal of a fundamental 
rate or structure, which could also be combined with oth- 
er similar base-rate signals to create a higher rate and/ 
or more complex signal. 

[0021] Within interface portion 400, each BRS 402 
has an independent quality monitor 410, shown here as 
MON 1 1 to MON where IVION represents quality 
monitor for BRS n of channel m. Quality monitor 410 is 
responsible for measuring the quality and or state of its 
respective BRS 402. Quality monitor 410 reports the 
BRS quality to a respective signal status encode func- 
tion, shown here as status encoder (SE) 420, for the as- 
sociated BRS 402. In the present invention, many dif- 
ferent quality and/or status levels are available for en- 
coding in status encoder 420. Stated otherwise, the em- 
bedded signal status protocol of the present invention 
supports a wide range of status control because many 
different status codes, each possibly representing a dif- 
ferent status condition (e.g., quality, time-related param- 
eters, etc.), may be encoded along with the signal. Sta- 
tus encoder 420 inserts an encoded value into the re- 
spective BRS 402, with the encoded value representing 
the quality or state of the respective BRS 402. From this 
point forward (within the architectural bounds of the sys- 



tem). BRS 402 now contains both its original data along 
with its encoded status. As such, the signal status prop- 
agates through the system, thereby eliminating the need 
to "rediscover" the signal status at any subsequent 

5 stage in the system. For example, for prior art systems, 
the signal would typically have to be monitored again at 
any subsequent input port to "rediscover" its signal sta- 
tus before the next selection decision could be made. 
Moreover, the present invention allows for monitoring at 

10 the interface boundary where the signal first enters the 
system as compared with prior art systems that require 
monitoring functions throughout the system and/or com- 
plex control structures to share information between 
control functions. 

15 [0022] As shown, switch/selector portion 401 is an m- 
channel base-rate signal selector switch that includes 
m selectors 430 corresponding to m BRS channels. 
Each selector 430 selects from n BRS 402 inputs. The 
signal status decode function, implemented here as sta- 

20 lus decoder (SD) 431 , is provided at each input to each 
selector 430 for locating the encoded status information 
carried within the respective BRS 402, for decoding the 
encoded status information if necessary, and for pass- 
ing the decoded status information on to select logic 

^5 435, Select logic 435 evaluates the quality of all the in- 
puts associated with selector 430 under its control and 
will command selector 430 to choose the most appro- 
priate input. As compared with FIGS. 2 and 3^ select log- 
ic 435 in FIG. 4B performs the equivalent tasks of control 

30 element 204. It should be noted that status decoder 431 
does not remove the encoded status infomnation from 
BRS 402, so that the output of each selector 430 con- 
tains the selected BRS 402 that includes the original 
BRS data for that signal along with the encoded status 

55 that was inserted at interface portion 400. 

[0023] Since the encoded status Information is trans- 
ported with BRS 402 from input to output, this architec- 
ture assures that alt switching decisions can be made 
locally at each switch/selector portbn 401 . Importantly, 

40 this architecture eliminates the need to share signal sta- 
tus information across functional portions using a com- 
plex (overlay) control structure. Moreover, this architec- 
ture directly supports multiple levels or stages of switch- 
ing that can be either centralized or distributed. 

45 [0024] As described, the embedded signal status pro- 
tocol according to the principles ot the present invention 
can be used for a centralized switch fabric that uses ei- 
ther a common control arrangement or a segmented 
control arrangement. For example, the embedded sig- 

50 nal status protocol Is well-suited for the segmented con- 
trol arrangement described in U.S. patent application 
Serial No. 08/942096, entitled "A Control Architecture 
for a Homogeneous Routing Structure" (Bordogna 
4-7-8-2-3), incorporated herein by reference. As shown 

55 in FIG. 5, select logic 435 may be comprised of multi- 
stage, application specific address resolution functions 
501 . Each application specific address resolution func- 
tion 501 Includes control logic that can be selectively 
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path, the system comprising. 

r^eans for monitoring data in each of said plu- 

rality of input signals, j^iormation for 

said monitored data , 3^^. 

signals; individually encod- 

ity of input signals; and ^^^^^ 
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as local input, said at least one application con- 
trol set being operable to resolve a single con- 
trol input signal based on said locally received 
ennbedded signal status information, wherein 
said ennbedded signal status infornnation is ca- s 
pable of carrying a plurality of signal status 
codes, said control input signal including ad- 
dress infornnation for one of said plurality of in- 
put signals, 

wherein said one of said plurality of input sig- io 
nals is selected in response to said control input 
signal, and 

wherein said control input signal is associated 
with said at least one output signal, and wherein 
said at least one application control set is op- is 
erable to independently control one of said mul- 
tiple selection functions in said transmission 
path via said associated control input signal 
and said at least one output signal. 

20 

4. The system of claim 3, wherein said means for em- 
bedding signal status information includes: 

means for monitoring data in each of said plu- 
rality of input signals; 2S 
means for deriving said signal status informa- 
tion for each of said plurality of input signals 
based on said monitored data; 
means for individually encoding said signal sta- 
tus information for each of said plurality of input 30 
signals; and 

means for combining said individually encoded 
signal status information with said data in each 
of said plurality of input signals, 
wherein said individually encoded signal status 35 
information is propagated through said trans- 
mission path along with said data in each of 
said plurality of input signals, wherein said in- 
dividually encoded signal status information is 
directly extractable at any selection point within 40 
said transmission path. 

5. The system of claim 3, wherein each said at least 
one application control set comprises a multi-stage 
application specific address resolution means, ^5 
comprising: 

al least one selector means; and 
at least one domain control means, coupled to 
said at least one selector means, for generating 5o 
an appropriate control signal for said at least 
one selector means in response to said signal 
status information, said control signal including 
address information for a selected input signal, 
wherein said at least one selector means and 55 
said at least one domain control means are se- 
lectively configurable to support a single appli- 
cation. 



6. In a network element having a routing component 
that supports multiple routing applications, said 
routing component adapted for selecting a plurality 
of output signals from among a plurality of input sig- 
nals, a control system comprising: 

means for embedding signal status information 
within each of said input signals; and 
a plurality of application control sets independ- 
ently coupled to said routing component, said 
plurality of application control sets responsive 
to said embedded signal status information 
transported with each of said plurality of input 
signals, each of said plurality of application 
control sets being adapted to receive said em- 
bedded signal status information as local input, 
each of said plurality of application control sets 
including a control arbiter means for resolving 
a single control input signal for said routing 
component based on said embedded signal 
status information, wherein said embedded sig- 
nal status information is capable of carrying a 
plurality of signal status codes, each of said 
control input signals including address informa- 
tion for one of said plurality of input signals; 
wherein said routing component is responsive 
to each of said control input signals to select 
one of said plurality of input signals, and 
wherein each of said control input signals is as- 
sociated on a one-to-one basis with one of said 
plurality of output signals so that said control 
input signals are equal in number to said plu- 
rality of output signals, each of said plurality of 
application control sets being operable to inde- 
pendently control one of said multiple routing 
applications in said routing component. 

7, The system of claim 6. wherein each of said plurality 
of application control sets comprises a multi-stage 
application specific address resolution means, 
comprising: 

a plurality of selector means coupled to each 
other in a specified configuration, said specified 
configuration including at least one application 
selection stage; and 

a plurality of individual domain control means 
selectively coupled to said plurality of selector 
means, said plurality of domain control means 
being operable to generate appropriate control 
signals for said plurality of selector means in 
response to said embedded signal status infor- 
mation, each of said control signals including 
address information for a selected input signal; 
wherein an aggregation of said plurality of se- 
lector means and said plurality of domain con- 
trol means in said specified configuration within 
said application specific address resolution 
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means is selectively configurable to support a 
single application. 

8. The system of claim 7, wherein said means for em- 
bedding signal status information includes: 

means tor monitoring data in each of said plu- 
rality of input signals; 

means for deriving said signal status informa- 
tion for each of said plurality of input signals 
based on said monitored data: 
means for individually encoding said signal sta- 
tus information for each of said plurality of input 
signals; and 

means for combining said individually encoded 
signal status information with said data in each 
of said plurality of input signals, 
wherein said individually encoded signal status 
information is propagated through said network 
element along with said data in each of said plu- 
rality of input signals, wherein said individually 
encoded signal status information is directly ex- 
tractable at any selection point within and out- 
side of said network element. 

9. The system of claim 7, wherein said routing com- 
ponent comprises a switch fabric that supports mul- 
tiple switching functions. 

10. The system of claim 9, wherein said switch fabric 
supports path-in-line protection switching In a SON- 
ET-based digital transmission network. 

11. The system of claim 10, wherein selected ones of 
said plurality of selector means are associated with 
a bi-directional line switched ring (BLSR) and se- 
lected ones of said plurality of domain control 
means associated with said BLSR selector means 
are operable to provide line switching control, and 
wherein other selected ones of said plurality of se- 
lector means are associated with a unidirectional 
path switched ring (UPSR) and other selected ones 
of said plurality of domain control means associated 
with said UPSR selector means are operable to pro- 
vide path switching control. 

12. A method for providing control information derived 
from a plurality of input signals within a transmission 
path, the method comprising the steps of; 

monitoring data in each of said plurality of input 
signals; 

deriving signal status information for each of 
said plurality of input signals based upon said 
monitoring; 

individually encoding said signal status infor- 
mation for each of said plurality of input signals; 
embedding said individually encoded signal 
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status information with said data in each of said 
plurality of input signals; 

decoding said individually encoded signal sta- 
tus information in each of said plurality of input 
signals; and 

actuating a control decision based on said de- 
coded signal status information, 
wherein said individually encoded signal status 
information is retained in each of said plurality 
of input signals for propagation through said 
transmission path, and wherein said signal sta- 
tus information is directly extractable at any 
subsequent selection point within said trans- 
mission path. 

13. Themethodof claim 12, wherein said encoding step 
comprises the step of mapping in-line status codes, 
wherein said individually encoded signal status in- 
formation is capable of carrying a plurality of said 
in-line status codes representing a combination of 
signal status parameters. 

1 4. A method of controlling multiple routing applications 
in a routing component, the routing component 
adapted for selecting a plurality of output signals 
from among a plurality of input signals, the method 
comprising the steps of: 

independently coupling a plurality of individual 
application control sets to said routing compo- 
nent; 

embedding signal status information within 
each of said input signals; 
providing said embedded signal status informa- 
tion as local input to each of said plurality of in- 
dividual application control sets; and 
operating each of said plurality of individual ap- 
plication control sets to independently control 
one of said multiple routing applications in said 
routing component by 

resolving a single control input signal from 
each of said plurality of individual applica- 
tion control sets in response to said em- 
bedded signal status information, wherein 
said embedded signal status information is 
capable of carrying a plurality of signal sta- 
tus codes, wherein each of said control in- 
put signals includes address information 
for a particular input signal, and 
selecting one of said plurality of output sig- 
nals from among said particular input sig- 
nals, wherein each said control input signal 
corresponds on a one-to-one basis with 
one of said plurality of output signals. 

15. The method of claim 14. wherein said embedding 
step includes the steps of: 
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monitoring data in each of said plurality of input 
signals; 

deriving signal status information for each of 
said plurality of input signals based upon said 
monitoring; 5 
individually encoding said signal status infor- 
mation for each of said plurality of input signals; 
combining said individually encoded signal sta- 
tus information with said data in each of said 
plurality of input signals; and io 
propagating said signal status information 
through said routing component, wherein said 
signal status information is directly extractable 
at any selection point within and outside of said 
routing component. is 
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